The functional diversity and composition of plant traits within communities are tightly linked to important ecosystem functions and processes. Whereas vegetative traits reflecting adaptations to environmental conditions are commonly assessed in community ecology, floral traits are often neglected despite their importance for the plants' life cycle. The consideration of floral traits covers important aspects such as sexual plant reproduction and pollinator diversity, which remain unobserved in studies focussing on vegetative traits only. To test whether vegetative and floral traits differ in their responses to elevation, we measured morphological and chemical traits of plant species occurring in pastures at seven elevations in the Austrian Alps. Variation in functional composition was examined using the concept of n-dimensional hypervolumes and vector analysis. Our data show that vegetative and floral traits vary differently with the elevational gradient. Whereas vegetative traits changed in a predictable manner with elevation, floral traits did not specifically respond to elevation. Overall variation in vegetative traits mainly resulted from phenotypical differences between plants in different elevations, whereas total variation in floral traits was a result from a high variation within communities. The assessment of functional changes in vegetative and floral traits along mountain slopes thus reveals different patterns in plant responses to elevation and may help to generate testable hypotheses on functional responses to current climate warming.
Introduction
Plant communities vary along elevational gradients both taxonomically and regarding the characteristics of their traits, which reflects responses to changing temperature regimes and other factors (Sundqvist et al. 2013) . A very conspicuous effect of elevation are treelines, where trees as dominant components of the plant composition are replaced by shrubs and herbaceous plants (Körner 2003) . More subtle changes in the functional composition along elevational gradients also confirm that the conditions at different elevations favour the establishment of plants with different trait characteristics (Read et al. 2014; Sundqvist et al. 2013; Swenson et al. 2011 ). For instance, Kichenin et al. (2013) showed that leaf area concertedly decreased in most plant species with increasing elevation, which was also reflected in a decreasing community weighted mean in this trait. Usually, multiple traits are required to fully assess functional community composition (Kraft et al. 2015; Spasojevic and Suding 2012) . Data on various traits allow to comprehensively track functional changes and transitions in communities as response to environmental changes or as cause for changes in ecosystem processes (Allan et al. 2015; Tilman et al. 1997 ). Thus, knowledge on the dispersion of several traits along elevational gradients can be valuable to understand and predict responses of plant communities to climate warming (Barros et al. 2016; Read et al. 2014; Sundqvist et al. 2013) .
In plant community ecology, mostly vegetative traits are considered (e.g., Cornwell and Ackerly 2009; Kraft et al. 2015) that are well suited to assess the plants' capability to cope with abiotic resources and conditions such as light, 1 3 water, and temperature or to infer plant growth strategy and competitive abilities (Ackerly and Cornwell 2007; Funk et al. 2016; Siefert et al. 2015; Stubbs and Wilson 2004) . Less well studied are floral traits that are important for the plants' sexual reproduction, which requires animal pollen vectors in zoophilous plants and was suggested to be of particular importance for alpine plant species (Fabbro and Körner 2004) . The few studies that considered floral traits in a community-ecological context (e.g., Benadi et al. 2014; Junker et al. 2013; Runquist et al. 2016; Wolowski et al. 2017 ) suggest a contribution of these traits to plant community composition (Benadi 2015; Pauw 2013; Sargent and Ackerly 2007) . Indeed, recent studies show that floral traits, such as morphology, colour, and scent shape plant-pollinator interactions, affect the diversity of flower visiting animals in communities, and explain the presence or absence of competition between plant species for pollinators (Carvalheiro et al. 2014; Junker et al. 2013 Junker et al. , 2015 Junker and Parachnowitsch 2015; Kuppler et al. 2016; Larue et al. 2016) . Thus, pollination and floral traits are directly linked to plant reproduction and fitness, which are fundamental processes related to biomass gain and species diversity in communities. Both vegetative and floral traits may reflect the plants' adaptation to the conditions at a given elevation, which would result in predictable changes of trait characteristics along an elevational gradient. Alternatively, vegetative and floral traits may facilitate resource partitioning among plant species that compete either for light, water, or nutrients or for pollinators. In this scenario, traits dispersion would be large within a given community. The major goal of this study is to test whether vegetative and floral traits differ in their responses to elevation and in trait dispersion within and between communities.
Information of the dispersion of several traits is important to fully capture the complexity of community responses to environmental gradients. The framework of n-dimensional hypervolumes considers, unlike other multivariate approaches, each trait equally, does not reduce the number of dimensions, and thus represents a direct representation of functional community composition (Barros et al. 2016; Carmona et al. 2016; Junker et al. 2016; Kuppler et al. 2017; Lamanna et al. 2014) . Accordingly, hypervolumes have been shown to be a valuable approach to track changes in community composition (Barros et al. 2016) . Although the framework of n-dimensional hypervolumes has been proposed 60 years ago to describe niches (Hutchinson 1957) , just recently, it became accessible through the development of statistical approaches that calculate the size and overlap of n-dimensional hypervolumes (for description of the different available approaches, see Blonder et al. 2014; Carmona et al. 2016; Junker et al. 2016; Swanson et al. 2015) . The available approaches differ in the definition of the geometry of hypervolumes, in the number of dimensions that can be considered, and in the assumptions on the underlying distribution of the data. Here, we use dynamic range boxes , which is a non-parametric approach to quantify the size and overlap of hypervolumes and thus returns meaningful results independent on the data distribution. Furthermore, this approach can be used on any number of dimensions and allows comparing results based on data sets that differ in the number of dimensions. In addition, to the calculations implemented in the R package dynRB , we also introduce vector analysis to the framework of n-dimensional hypervolumes to track the length and the directions of functional changes of plant communities along an elevational gradient.
Using data on measurements of vegetative and floral traits of 70 plant species encountered at seven elevations in the Austrian Alps, we tested the following predictions:
1. Because of their different functions in plant ecology, the functional composition of plant communities changes differently along the elevational gradient depending on whether vegetative or floral traits are considered. 2. Plant communities encountered at different elevations differ in their trait characteristics, i.e., communities occupy unique n-dimensional hypervolumes. 3. Mean functional positions of communities within the n-dimensional hypervolume change in a predictable manner along the elevational gradient. 4. Variation in functional traits within communities (i.e., variation in functional traits between plant species encountered at a given elevation expressed as size of the n-dimensional hypervolume occupied by a community) is smaller than between communities at different elevations. Accordingly, overlaps between n-dimensional hypervolumes of communities at different elevations are expected to be relatively small.
Methods

Study site
We studied seven communities between 1146 and 2750 m a.s.l. located along the Großglockner High Alpine road in the Austrian Alps in May, June, and July 2014. Communities were selected based on accessibility and to evenly cover the elevational gradient. Plot size differed between communities and was chosen to represent local plant communities (Supporting Information Table S1 ). The number of plant species was not affected by plot size (Pearson's product moment correlation: t 6 = 1.11, r 2 = 0.17). All plots were dominantly covered by herbaceous vegetation. All flowering plant species encountered in these communities were phenotyped based on vegetative and floral traits. To test whether results
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are biased by time of year (phenology), we visited one plot (1281 m a.s.l.) one time at the beginning of our field season (mid-May, hereinafter referred as 1281 a), and one time at the end of our field season (mid-July, 1281 b). Information on plot size and the number of flowering species is given in Supporting Information Table S1 .
Phenotyping of plants
For all flowering plant species encountered in the plots, we quantitatively measured morphological (both vegetative and floral), and chemical traits (floral scents) as well as the number of flowering units as a surrogate for plant abundance. The traits considered have been chosen based on their importance for physiological processes and adaption to environmental conditions (Stubbs and Wilson 2004) or their important function in shaping plant-pollinator interactions Junker and Parachnowitsch 2015; Larue et al. 2016) . Per plant species and per plot, we recorded n = 7 vegetative traits and n = 6 floral traits. Plant individuals were sampled in the field and transported in a cooler to the lab where measurements started within 1 h after picking. For n = 5 individuals per plant species and per plot, we measured the following vegetative traits to the nearest 1 mm using a calliper: leaf widths, leaf lengths, and thickness. Leaf area was obtained by scanning individual leaves. Numbers of pixels per leaf were compared to number of pixels of a 1 cm 2 reference using the freeware fiji imageJ. The specific leaf weight was calculated by dividing the leaf weight [mg] by leaf area [cm 2 ] and the leaf lobation was calculated using the following formula: (π × 0.5 × leaf length × 0.5 × leaf width)/leaf area. Plant height was measured to the nearest 1 mm using a ruler directly in the field. For n = 7 individuals per plant species and per plot, we also measured the following floral traits to the nearest 1 mm using a calliper: the display size of flowers, the width and depth of the nectar tubes, the position of anthers (defined as the distance between the flower surface and the anthers, negative values indicate that anthers are inside of the nectar tube), and the flower inclination, that is defined as the vertical inclination of flowers. Display size, the width, and depth of the nectar tubes as well as the position of anthers were measured to the nearest 1 mm using a calliper. The flower inclination was measured using a triangle ruler directly in the field. Morphological measurements were performed using a binocular microscope (Leica Microsystems, Vienna, Austria).
Floral volatiles were collected from all plant species per plot using dynamic headspace sampling methods directly in the field (Larue et al. 2016) . Flowers were enclosed into scentless polyethylene tetraphthalate (PET) oven bags (Toppits ® Cofresco Fischhalteprodukte GmbH & Co. KG, Minden, Germany) for 45 min, and afterward, the enriched headspace was sampled for 2 min into volatile traps with a flow rate of 200 ml min −1 . The scent traps were filled with a mixture of 1.5 mg Tenax-TA (mesh 60-80; Supelco, Germany) and 1.5 mg Carbotrap B (mesh 20-40; Supelco, Germany). Floral scent bouquets were analysed using an automatic thermal desorption system (TD, model TD-20, Shimadzu, Japan) coupled with gas chromatography/mass spectroscopy (GC-MS, model QP2010 Ultra EI, Shimadzu, Japan). The gas chromatograph was equipped with a ZB-5 column (Zebron ZB-5, 5% phenyl polysiloxane, length 60 m, inner diameter 0.25 mm, film thickness 0.25 µm, Phenomenex, Newport Beach, USA). Carrier gas flow (helium) was set to 1.5 ml min −1 and the oven temperature was hold for 1 min at 40 °C and rose then with 6 °C min −1 until the maximum of 250 °C was reached. The interface of the mass spectroscopy was 260 °C and ion trap worked at 200 °C. Chromatograms and mass spectra were analysed with the GCMSsolutions software (Version 2.72, Shimadzu Corporation). All peaks, which occurred in the scent samples but not in control samples, were classified as authentic floral volatiles. Comparison of compounds in floral scent samples and control was based on Kovats' retention indices and mass spectra. Total peak area was divided by the number of flowers. Scent emission per plant species and hour was calculated.
n-dimensional hypervolumes occupied by plant communities
To characterise the functional composition of plant communities in plots p as well as to quantify the changes in functional composition between plots, we adopted the concept of n-dimensional hypervolumes sensu Hutchinson (1957) . In an n-dimensional hypervolume, each (vegetative or floral) trait is represented by one dimension and each plant species is characterized by one point within this coordinate system (n = total number of traits considered T). Accordingly, the functional composition of a plant community found in plot p is defined by the distribution of the plant species present in a community within the coordinate system. Thus, each plant community occupies a unique trait space in the n-dimensional hypervolume. The abundance weighted mean in the trait characteristics within a community defines the mean functional position of each community. First, we quantified the size vol(p n ) and overlap port(p n , p m ) of the community-specific trait spaces using the approach dynamic range boxes (dynRB, Junker et al. 2016) , which is a robust non-parametric approach to quantify the size and overlap of n-dimensional hypervolumes. dynRB accounts for the distribution of the data within their range, while no assumptions on the underlying distribution are required. Furthermore, using dynRB, the abundance of plant species can be considered. We defined the trait space of communities as the n-dimensional hypervolume occupied by the plant species j present in a plot p weighted by the abundance of the plant species j. Abundance a pj was first transformed by a pj ′ = log(a pj + 1) × 10, and then, a pj ′ was rounded to the nearest integer r(a pj ′), which is required by dynRB to consider plant abundance (compare to Kuppler et al. 2017) . Each value of trait t of plant species j was r(a pj ′) times added to the vector defining the functional position of the plant community in plot p. Thus, for each plot p and trait t, we obtained a vector with the length
) with J being the total number of plant species in plot p. Thus, the n-dimensional hypervolume occupied by the plants species j present in a plot p (which is the functional composition of a plant community) was expressed as a matrix with V rows and T columns with T as the total number of traits considered. Using this data frame, we calculated the size vol(p n ) of each plot p n and pairwise overlap port(p n , p m ) of plots p n and p m . Size vol(p n ) and overlaps port(p n , p m ) were calculated using standard settings in function dynRB_ VPa(data) implemented in the R package dynRB . Results are displayed using either 'product' as aggregation method, or 'gmean' as aggregation method facilitating comparisons between vegetative and floral traits despite different numbers of traits considered. Dynamic range boxes dynRB calculates volumes (interval length in the one-dimensional setting) and overlaps for each coordinate (i.e., trait) of the n-dimensional hypervolume separately and subsequently aggregates these values over all dimensions n . The aggregation method 'product' calculates the geometric volume delineated by the interval lengths of each dimension and thus reflects Hutchinson's (1957) n-dimensional hypervolme. However, by multiplying the coordinate-wise values, the hypervolume becomes smaller with increasing number of dimensions, which prevents a direct comparison of volumes and overlaps of data sets consisting of different numbers of dimensions. Therefore, dynRB also provides the aggregation method 'gmean', which considers the geometric mean of the coordinate-wise values and is thus independent on the number of dimensions. In our study, we considered n = 7 vegetative traits and n = 6 floral traits and, therefore, decided to present some of the results using the aggregation method 'gmean' to facilitate the comparability of these trait groups. As co-variation of traits may affect the results of dynamic range boxes, we tested for correlations between traits (Supporting Information Figs. S1, S2). The size of n-dimensional hypervolumes defined by vol(p n ) represents the proportion of the total trait space occupied by all species in all elevations covered by the volume of one community. Therefore, vol(p n ) is a relative measure and is thus comparable between hypervolumes based on different groups of traits (e.g., vegetative and floral traits). The same is true for the overlap of hypervolumes port(p n , p m ).
Overlaps port(p n , p m ) of n-dimensional hypervolumes do inform about the similarity of the functional composition of plant communities but do not reveal the magnitude and direction of shifts of community weighted mean positions within n-dimensional hypervolumes. To quantify these features, we applied vector analysis to calculate the length l(u p )
[dimensionless] of the vectors u p describing the magnitude of the shifts between adjacent elevations. Each vector u p has the community weighted mean (cwm) position of the plant species in one plot p as starting point and the cwm position of the plant species in the next higher elevation p + 1 as end point. In addition, we calculated the deviation of the unit directions of vectors u 1 , u p , …, u P (P being the number of plots observed − 1) in terms of the angle φ u,u+1 [°] between unit directions u p and u p+1 . φ u,u+1 = 0° indicates that vectors u p and u p+1 point towards the same direction and 180° that these vectors point towards opposite direction. Narrow angles thus indicate that mean functional composition of communities shifts in a predictable manner along the elevation.
Data analyses were performed using R: A language and environment for statistical computing (R Core Team 2016).
Results
In total, we measured the traits of n = 70 plant species in seven plots based on seven vegetative and six floral traits. On average, n-dimensional hypervolumes defined by vegetative traits, which is the hypervolume with n = 7 vegetative traits as dimensions occupied by the plant species present in each community, were smaller than those defined by n = 6 floral traits (Fig. 1a , paired t test: t 7 = 3.24, p = 0.014, based on vol(p n ) calculated using 'gmean' as aggregation method to enable comparison despite different numbers of traits considered). Likewise, overlap port(p n , p m ) between communities were smaller when calculated for vegetative traits than for floral traits (Fig. 1b , paired t test: t 55 = 6.27, p < 0.001, based on 'gmean' as aggregation method). The functional composition of vegetative traits in plant communities at different elevations showed little functional overlap port(p n , p m ) in adjacent elevations. In contrast, Communities in distant elevations often did not functionally overlap (Fig. 2a) . This finding is also supported by the strong and significant negative correlation between the difference in elevation between communities p n and p m and their functional overlap based on vegetative traits (Fig. 1c, Pearson' s product-moment correlation: t 54 = − 6.38, p < 0.001, r 2 = 0.43). As an exception, the community at the lowest elevation (1146 m a.s.l.) overlapped stronger with communities at middle elevations (1742 and 2086 m a.s.l.) than with communities in adjacent elevations (1281 and 1447 m a.s.l., Fig. 2a ). Whereas plant communities of distant elevations did functionally not overlap based on vegetative traits [i.e., port(p n , p m ) = 0], functional overlap based on n = 6 floral traits occurred between all communities [port(p n , p m ) ≥ 0.033, Fig. 2b)] . Likewise, elevational distance did only weakly affect the functional overlap based on floral traits (Fig. 2b) , indicated by the significant but weak correlation between the difference in elevation between communities p n and p m and their functional overlap based on floral traits (Fig. 1c, Pearson's product-moment correlation: t 54 = − 2.22, p = 0.031, r 2 = 0.08). Note that overlaps port(p n , p m ) (aggregated by 'product') based on vegetative and floral traits cannot directly be compared due to the different numbers of dimensions, which affect the absolute values of port(p n , p m ). For a direct comparison, see Fig. S4 showing results based on aggregation method 'gmean' (geometric mean), which corrects for different numbers of dimensions (patterns remain the same; Supporting Information Fig. S4 ).
The visualizations of three-dimensional hypervolumes based on vegetative (Fig. 3a) and floral traits (Fig. 3b) support the findings on the differences in volume of and overlap between communities between the trait groups. Note that we selected those three traits for visualization that separate the communities most strongly, i.e., those with the lowest overlap port(p n , p m ) between communities. Visual inspection of three-dimensional hypervolumes supports the finding (see Fig. 2 ) that the overall vegetative trait space occupied by all plant species of the regional species pool is the result of functional differences between communities. This finding is well reflected by the relative small sizes vol(p n ) of and (Figs. 1, 2) . In contrast, the overall expansion of the floral trait space largely results from interspecific differences within communities, reflected by larger sizes vol(p n ) of and overlaps port(p n , p m ) between communities (Figs. 1, 2) .
The length in shifts between adjacent elevations in terms of vector length l(u p ) of vector u p , which is the vector with community weighted mean (cwm) position of the plant species in one plot as starting point and the cwm position of the plant species in the next higher elevation as end point, was a b Fig. 2 Functional overlap of plant communities at different elevations. Heatmaps depict the overlaps port(p n , p m ) of plots p n and p m based on a n = 7 vegetative or b n = 6 floral traits at different elevations (m a.s.l). Functional overlap port(p n , p m ) was calculated using dynamic range boxes ) using standard parameters and the aggregation method 'product' (results using the geometric mean 'gmean' as aggregation method are shown in Supporting Information φ u4, u5 < φ u2, u3 < φ u5, u6 < φ u1, u2 . Floral: φ u2, u3 < φ u4, u5 < φ u3, u4 < φ u1, u2 < φ u5, u6 . The lines in d are (ordered by increasing φ u,u+1 ): vegetative: φ u3,u4 < φ u4, u5 < φ u2, u3 < φ u5, u6 < φ u1, u2 . Floral: φ u2, u3 < φ u3, u4 < φ u4, u5 < φ u5, u6 < φ u1, u2 . Animated three-dimensional hypervolumes facilitating a better evaluation of the spatial configuration of the plant species and cwms are given in Supporting Information Fig. S5a (vegetative traits) and Fig. S5b (floral traits) longer in the n-dimensional hypervolume based on vegetative traits than in the n-dimensional hypervolume based on floral traits (paired t test: t 5 = 2.94, p = 0.032, Fig. 3c, d ). In addition, the functional changes based on vegetative traits in community-weighted mean positions of plant species along the elevational gradient occured in a predictable manner (Fig. 3) . In contrast, functional changes in floral traits appear to be random and not related to the elevational gradient (Fig. 3) . Vector analysis supports this finding as the deviation of the unit directions of vectors u 1 , u p , …, u P in terms of the angle φ u,u+1 in the n-dimensional hypervolume with vegetative traits as dimensions are mostly clearly below 90°. This means that the unit direction of the vector u p+1 points towards a similar direction as the vector u p , which are two consecutive vectors with community-weighted mean (cwm) position of the plant species in one plot as starting point and the cwm position of the plant species in the next higher elevation as end point (Fig. 3a, c, d ). In contrast, angles φ u,u+1 denote the deviations of consecutive vectors u p and u p+1 in the n-dimensional hypervolume with floral traits as dimensions mostly were above 90° ( Fig. 3b-d ). This means that shifts in functional composition of floral traits are not predictable by an elevational gradient. Accordingly, angles φ u,u+1 based on vegetative traits tended to be smaller than the same angles φ u,u+1 based on floral traits (paired t test: t 4 = 2.53, p = 0.065, Fig. 3 ). Note that Fig. 3c, d shows the length and deviation of unit directions of two consecutive vectors one time for the three-dimensional hypervolumes, as shown in Fig. 3a, b (Fig. 3c ) and one time for the sevendimensional hypervolume with vegetative traits as dimensions and the six-dimensional hypervolume with floral traits as dimensions (Fig. 3d) . Vector analysis in n-dimensional hypervolumes with all vegetative and floral traits as dimensions support the findings found in three-dimensional hypervolumes (Fig. 3c, d ). Accordingly, vector lengths l(u p ) and angles φ u,u+1 based on either three vegetative or floral traits strongly correlated with the same vector lengths l(u p ) and angles φ u,u+1 based on n traits (Pearson's product-moment correlation: l(u p ): t 4 = 3.1, p = 0.036, r 2 = 0.71; φ u,u+1 : t 3 = 4.08, p = 0.027, r 2 = 0.85). Thus, the three-dimensional hypervolume, as shown in Fig. 3 , is a good representation of the n-dimensional hypervolume. The patterns observed in the n-dimensional hypervolume are supported by individual traits: Most vegetative traits changed with the elevational gradient, i.e., on average, plants became smaller, the size of leaves decreased, and leaves became thicker and increased in specific leaf weight with increasing elevation (Supporting Information Fig. S3a-h, Tables S2, S3 ). Most floral traits (total flower scent emission, pollen position, and the depth of nectar tubes) varied independent on elevation except for flower inclination, which increased with increasing altitude, and the width of the nectar tubes, which decreased with increasing altitudes (Supporting Information Fig. S3i-n ,  Tables S2, S3 ).
Discussion
The functional composition of vegetative and floral traits varied in different ways with the elevational gradient in the Austrian Alps. When considering vegetative traits, plant communities responded as predicted to the elevational gradient: Each community occupied a unique n-dimensional hypervolume; the mean functional composition of trait characteristics changed in a predictable and concerted manner; and due to the relative small size of n-dimensional hypervolumes and their unique position, overlap between the n-dimensional hypervolumes of communities at different elevations was relatively small. The lowest plant community at 1146 m a.s.l., however, deviated from the general trend observed in the other communities as its functional composition was more similar to plant communities in higher elevations (most of all the plant community at 1724 m a.s.l.). This deviation from the general trend may be attributed to differences in land-use intensity (repeated mowing per year), resulting in, e.g., lower plant height and smaller leaf area compared to plant communities that had not been mowed or grazed until our recordings. In contrast to results based on vegetative traits, n-dimensional hypervolumes occupied by communities based on floral traits were larger and, therefore, the overlap between the hypervolumes was larger, too. Furthermore, we did not detect predictable changes in community composition but rather random directions of changes in mean position of communities. Therefore, our data confirm our first prediction that vegetative and floral traits differ in their responses to elevational gradients.
The different responses of vegetative and floral traits to the elevational gradient may reflect the divergent ecological roles of both groups of traits. Characteristics of vegetative traits inform about the plants' adaptation to local climatic conditions, nutrient and water availability, life strategies, but also about adaptations to biotic factors such as herbivores (Cornelissen et al. 2003) . We found that vegetative traits show a low within but a large between community variation. Accordingly, as stress level, availability of light, water, and heat, and other factors vary along elevational gradients (Körner 2003) , it is not surprising that the plant communities change in their functional composition along the elevation gradient in a predictable and concerted manner, too. It has been shown that traits of different plant organs respond heterogeneously to environmental changes (Radville et al. 2016; Runquist et al. 2016) . Following this finding, the large within and relatively low between community variation in floral traits 1 3 suggest that these traits respond to different factors than vegetative traits. Accordingly, the flowers' morphology, colour, and scent emission are well known to mediate interactions with pollinators Kuppler et al. 2016; Larue et al. 2016 ), as they either facilitate interactions by means of attractive traits and the provisioning of resources or decrease or prevent interactions by means of morphological barriers, inconspicuous appearances, or repellent scents (Junker 2016; Junker and Parachnowitsch 2015; Katzenberger et al. 2013; Papiorek et al. 2015; Stang et al. 2007 ). According to the importance of functional flower traits in determining the visitor spectrum of a plant species, it has been shown that a high functional diversity in floral traits supports high species richness in flower visitors Potts et al. 2004 ). The consideration of both vegetative and floral traits thus provides a more detailed view on plant responses to environmental gradients. Ackerly and Cornwell (2007) conceptualized different patters of trait dispersion as alpha traits that segregate locally co-occurring species and as beta traits that inform about the species' position along a gradient. Our data suggest that variation in vegetative traits mostly resulted from differences between elevations, whereas overall variation in floral traits mostly resulted from differences within communities. Thus, sensu Ackerly and Cornwell (2007) vegetative traits can-on averagebe regarded as beta traits that inform about the species' position along a gradient. Floral traits, in contrast, can be regarded as alpha traits that differentiate co-occurring species. Thus, our study strongly reemphasizes the importance of a careful selection of traits in community-ecological studies aiming at inferring ecosystem properties and functions (Cadotte et al. 2013; Kraft et al. 2015; Spasojevic and Suding 2012) .
Climate change along with other anthropogenic alterations of ecosystems has severe effects on organisms and communities and, therefore, on biodiversity and ecosystem processes (Bellard et al. 2012; Sala et al. 2000) . To describe or predict such effects on a large-scale, elevational gradients represent long-term and large-scale study systems that help to extract such information (Sundqvist et al. 2013) and have been used as surrogate for climatic shifts ('space for time ' approach, Benadi et al. 2014 ). However, note that plots along an elevational gradient differ in many factors, not only annual mean temperatures, such as edaphic conditions, precipitation, and radiation that have not been examined in our study. Therefore, 'space for time' approaches such as our study do not directly translate into community responses to climate warming, but provide valuable starting points for future experimental studies that specifically test the hypotheses generated in field observations. Our results showed that the overall composition of floral traits may only respond weakly, which may buffer negative effects of climate warming. However, individual traits such as flower inclination and nectar tube width correlated to elevation, which clearly changes resource accessibility for many flower visitors. Regardless the consequences for ecosystem properties and function, our data suggest that plant communities will change their functional composition as a result of climate warming.
Our study demonstrated that the functional composition of plant communities responds to an elevation gradient, suggesting that similar shifts may be expected as a consequence of climate warming. However, predictable and concerted shifts were only observed in traits that respond to environmental factors such as the availability of light, water, and heat (Körner 2003; Stubbs and Wilson 2004) , i.e., the vegetative traits measured in our study. The overall composition of traits that mediate interactions with pollinators (i.e., floral traits) was largely unaffected by elevation, or at least did not change in a predictable manner. The consideration of both vegetative and floral traits in community ecology thus informs about different aspects of plant ecology. Inventories of species assemblages along elevational gradients together with comprehensive assessment of their phenotype are thus valuable tools to detect community-ecological patterns and to generate testable hypotheses on functional responses to current climate warming.
